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[57] ABSTRACT

A method of making air bags for vehicle air bag assem-
blies includes the step of forming a set of air bag panels.
The set of panels includes a first panel with a perimetric
edge and a second panel with a perimetric edge having

~ an undulant fray-inhibiting contour. These panels are

jomed together to form a structure capable of being
inflated to a predetermined three-dimensional configu-
ration. Specifically, the perimetric edge of the first
panel 1s joined to the perimetric edge of the second
panel. Preferably, a plurality of second panels are die-
cut with a die-board including a series of knives. Each
knife has a shape corresponding to the desired shape of
the second panel and the desired undulant fray-inhibit-
ing contour of the panel’s perimetric edge. The present
invention also provides an air bag for a vehicle air bag
assembly which includes a set of panels joined together
to form a structure capable of being inflated mnto a
three-dimensional shape. The set of air bag panels In-
cludes a first panel with a perimetric edge and a second
panel with a perimetric edge having an undulant {ray-
inhibiting contour.
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AIR BAG FOR A VEHICLE AIR BAG ASSEMBLY
AND METHOD OF MAKING THE SAME

FIELD OF THE INVENTION

This invention relates to an air bag for a vehicle air
bag assembly and a method of making the same.

BACKGROUND AND SUMMARY OF THE
INVENTION

A vehicle air bag assembly functions to protect a
vehicle occupant during a crash or collision. A typical
vehicle air bag assembly comprises a container, an in-
flatable air bag disposed in the container, and an inflator
in proximity to the inflatable air bag. At the onset of a
collision, the inflator is actuated and rapidly directs an
inert, non-toxic fluid, such as nitrogen gas, into the air
bag. The fluid forces the air bag out of the container and
rapidly inflates the air bag into a predetermined three-
dimensional configuration. On the dniver side of a vehi-
cle, an air bag assembly 1s commonly incorporated into
the vehicle steering wheel and the predetermined con-
figuration of the air bag will usually approximate the
shape of an ellipsoid.

A method of making an air bag will generally include
the step of forming a set of air bag panels and joining
these panels together to form a structure capable of
being inflated to a three-dimensional configuration. For
example, a dnver side air bag 1S commonly made by
forming front and rear circular panels and joining these
panels together around their circumferential (or peri-
metric) edges. The front panel forms an occupant im-
pact area when the air bag is expanded to its predeter-
mined configuration. The rear panel includes a mouth
which defines an inflation fluid inlet opening and which
may be attached to the container and/or the inflator.
Other panels may also be appropriately incorporated
into the air bag, such as vent reinforcement panels,
mouth reinforcement panels, heat shield panels, and/or
strap panels.

A plurality of sets of air bag panels may be efficiently
formed with a die-cutting system. A typical die-cutting
system includes a conveying assembly, a fabric dispens-
ing assembly, and a press assembly, all of which coordi-
nate with one or more die boards to form the air bag
panels. For example, to form a plurality of sets of driver
side air bag panels, a first die board and a second die
board would be provided. The first die board would
include a plurality (typically ten or more) of straight
edge knives, each corresponding to the desired shape of
the front panel. (“Straight™ in this context corresponds
to a contour which is non-undulant rather than strictly
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linear. Thus, the overall geometry of a straight edge

knife could be circular.) The second die board would
include an equal number of circular straight edge
knives, each corresponding to the desired shape of the
rear panel. These die boards sometimes also include
additional straight edge knives for forming other air bag
panels, such as vent reinforcement panels, mouth rein-
forcement panels, and/or heat shield panels.

To form the air bag panels, a roll of fabric is loaded
onto the fabric dispensing assembly and a die board is
appropriately placed onto the conveying assembly. The
fabric dispensing assembly then loads a desired number
of layers of the fabric (typically fifteen or more) onto
the die board. Thereafter, the conveying assembly and
the press assembly coordinate to apply pressure on the
fabric layers to die-cut the air bag panels. The panels are
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then unloaded from the die board and transported to a
location where subsequent assembly steps may be per-
formed. |

One may appreciate that such a die-cutting system
can be used to mass-produce air bag panels efficiently.
For example, if a die board includes ten rear panel
knives and fifteen layers of fabric are loaded onto the
die board, one hundred-fifty rear air bag panels may be
stmultaneously produced. Thus, producing air bag pan-
els with a die-cutting system can be very advantageous
from a production time standpoint. Moreover, many air
bag manufacturers have invested in, and their facilities
are designed to accommodate, such die-cutting systems.

In the past, air bags panels have usually been formed
from a woven synthetic fabric, such as nylon, which 1s
coated with a material such as neoprene. With particu-
lar reference to a driver side air bag, both the front
panel and the rear panel have been formed from such a
coated fabric. The coated fabric insures that the air bag
panels formed from the fabric will be resistant to heat
and will be essentially impermeable by fluids and/or
particles released or produced during the infiation pro-
cess. Additionally, the coated fabric inhibits the fraying
of the straight edges of the air bag panels. Such fraying
is undesirable because it could negatively affect the
structural integrity of the air bag and/or complicate
intermediate assembly steps.

Applicants believe that a driver’s side air bag may
include a rear panel in which the heat resistance and the
fluid impermeability qualities of a coated fabric are not
necessary. Consequently, applicants believe that an
uncoated fabric could be used to form this rear panel.

Because uncoated fabrics are generally less expensive
than coated fabrics, the use of an uncoated fabric to

form the rear panel would reduce the cost of the air bag.
However, applicants also appreciate that the rear panels
produced in existing die-cutting systems have circum-
ferential (or perimetric) edges which have straight con-
tours. Applicants believe that if the rear panels were
formed from uncoated fabric m these die-cutting sys-
tems, their straight edges would have a tendency to fray
during subsequent assembly steps and/or in the com-
pleted air bag. Accordingly, applicants believe that the
use of a coated fabric is still necessary to form rear air
bag panels with conventional die-cutting systems.
Applicants believe that a laser-cutting system could
possibly be used to form rear air bag panels from an
uncoated fabric because a laser-cutting system would
heat seal the edges of the panels during the cutting
process. This heat sealing would minimize the tendency
of the circumferential edge of the rear panel to fray.
However, the capital investment for a laser cutting
system is quite significant and would require the re-
placement or abandonment of existing die-cutting
equipment. Additionally, only five or six panels may be
produced at a time with most laser cutting systems
thereby making them uncompetitive, from a production
time standpoint, with conventional die-cutting systems.
The present mnvention provides a method of making
air bags which allows at least some of the air bag panels
to be formed from uncoated fabrics. The method is
competitive with conventional die-cutting techniques
from a production time standpoint and does not require
a significant capital investment in machinery. In the
preferred embodiment, the method 1s used to form cer-
tain panels for a driver side air bag. However, the inven-
tion may also be applicable to the manufacture of cer-
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tain passenger side air bag panels. Moreover, as un-
coated fabrics with sufficient heat resistance and fluid
impermeability qualities are developed, the method may
be used to produce any or all of the panels in both driver
side and passenger side air bags.

More particularly, the present invention provides a
method of making air bags for vehicle air bag assem-

blies. The method comprises the step of forming a set of

air bag panels which includes a first panel with a peri-
metric edge and a second panel with a perimetric edge
having an undulant fray-inhibiting contour. The air bag
panels are joined together to form a structure capable of
being inflated to a predetermined three-dimensional
configuration. Specifically, the perimetric edges of the
first and second panels are joined together. The fray-
inhibiting contour of the second panel’s perimetric
edge, which is preferably a pinked contour, prevents
the fraying of this edge. In this manner, the second
panel may be formed from an uncoated fabric without
affecting the structural integrity of the air bag and/or
complicating intermediate assembly steps.

Preferably, a plurality of second panels are simulta-
neously formed by die-cutting them with a specially
designed die-board. The die board includes a series of
knives, each of which has a shape corresponding to the
desired shape of the second panels and the desired undu-
lant fray-inhibiting contour. Consequently, the present
method may be practiced with existing die-cutting sys-
tems simply by providing an appropriate die board.
Additionally, the production rate of this method will be
approximately the same as the production rate of con-
ventional die-cutting techniques.

The present invention also provides an air bag for a
vehicle air bag assembly which includes a set of panels
joined together to form a structure capable of being
inflated into a predetermined three-dimensional config-
uration. The set of air bag panels includes a first panel
with a perimetric edge and a second panel with a peri-
metric edge having an undulant fray-inhibiting contour.
The perimetric edges of these first and second panels
are joined together. Preferably, the air bag is for a
driver side air bag assembly and the predetermined
configuration is an ellipsoid shape. In this preferred
embodiment, the set of panels includes a circular front
panel which is made from a coated fabric and a circular
rear panel which 1s made from an uncoated fabric and
which has a circumferential edge having an undulant
fray-inhibiting contour.

BRIEF DESCRIPTION OF THE DRAWINGS

In the annexed drawings:

FIG. 1 is a sectional view of an air bag assembly
which incorporates an air bag made according to the
present invention;

FIG. 2 1s a schematic view of the air bag assembly of
FIG. 1, with the air bag inflated to its predetermined
configuration;

FIGS. 3A-3H are top views of a set of air bag panels
which are joined together to form the air bag;

FIGS. 4A—4B are enlarged views of the circumferen-
tial edges of the air panels shown in FIGS. 3A and 3B,
respectively;

FIGS. SA-5D are schematic i1llustrations of a die-cut-
ting system used to form the air bag panels shown in
FIGS. 3A-3F;

FIG. 6 1s a top view of a first die board for use with
the die-cutting system shown in FIGS. 5A-5D;
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F1G. 6A is a enlarged view of a portion of the one of
the knives on the first die board;

FIG. 7 1s a top view of a second die board for use the
die-cutting system shown in FIGS. SA--SD;

FIG. 7A is an enlarged view of a portion of the one
of the knives on the second die board; and

FIGS. 8A-8H are schematic illustrations of panel-

joining and mouth-forming steps in the method of mak-

ing an air bag according to the present invention.

DETAILED DESCRIPTION

Referring now to the drawings in detail, and initially
to FIG. 1, an air bag assembly 10 is shown which incor-
porates an air bag 11 according to the present invention.
The illustrated air bag assembly 10 is a driver side air
bag assembly and is designed to be incorporated as a
unit into a vehicle steering wheel. The steering wheel
includes a cup-shaped base member 12 which i1s fixed to
and rotatable with the vehicle steering shaft. The incor-
poration of the air bag assembly 10 into the vehicle
steering wheel specifically includes loading the air bag
assembly 10 into the cup-shaped base member 12.

The air bag assembly 10 further includes a container
14 and an inflator 16. The container 14 comprises a
reaction plate 18 and a cover 19 attached thereto by a
suitable fastening structure, such as bolts 22 and rivets
24. As is explained 1n more detail below, the air bag 11
and the inflator 16 are also coupled to the reaction plate
18. Although not specifically shown 1n the drawings,
the reaction plate 18 1s also coupled, via the vehicle
steering column, to a structural part of the vehicle.

The reaction plate 18 and the cover 19 define a recep-
tacle in which the air bag 11 1s stored in a collapsed,
folded condition. The cover 19 is formed of a tough,
flexible plastic such as urethane or a thermoplastic poly-
olefin (TPO) elastomer. The inside of the cover 19 has
a designed weakness in the form of a V-shaped groove
25 which enables the cover 19 to separate into segments
19A and 19B as the air bag 11 is deployed. (See FIG. 2.)

The inflator 16 can be any of a number of known
constructions, including the preferred construction dis-
closed in U.S. Pat. No. 4,902,036. In this preferred con-
struction, the inflator 16 has a generally disc-like shape
with an annular gas dispensing portion 26 which in-
cludes an array of gas dispensing nozzles (not shown).
A peripheral flange 28 of the inflator 16 is coupled to
the reaction plate 18 by rivets (not shown).

The air bag 11 includes a mouth 32 which defines an
inflation fluid inlet opening 30 and which includes
mounting holes 34. The air bag 11 is preferably formed
as a complete subassembly, folded into a collapsed con-
dition, and then fastened to the reaction plate 18. In the
illustrated embodiment, this fastening is accomplished
by placing the air bag mouth 32 between the reaction
plate 18 and a retaining ring 36. Rivets 38 are inserted
through the mounting holes 34 in the air bag mouth 32
and corresponding holes in the reaction plate 18 and the
retaining ring 36.

At the onset of a vehicle collision, the inflator 16 is
actuated and rapidly discharges an inert, non-toxic gas,
such as nitrogen, through its nozzles. The gas 1s directed
through the fluid inlet opening 30 of the air bag 11 and
into an interior cavity defined by the air bag 11. As the
gas begins to inflate the air bag 11, pressure is applied to
the cover 19 which forces the air bag 11 through the
cover 19. The air bag is then inflated to a predetermined
configuration, which 1n the illustrated embodiment ap-
proximates the shape of an ellipsoid. (See FIG. 2.)
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'The method of making the air bag 11 according to the
present invention generally includes the steps of form-
ing a set of air bag panels and then joining these panels
together to form a structure capable of being inflated to
a three-dimensional configuration. In the illustrated and
preferred embodiment, the set of air bag panels in-
cludes: a front panel 50 (F1G. 3A), a rear panel 51 (FIG.
3B), two vent reinforcement panels 52 (FIG. 3C), a first
mouth reinforcement panel 54 (FIG. 3D), a second
mouth reinforcement panel 55 (FIG. 3E), a third mouth
reinforcement panel 56 (FI1G. 3F), a pair of strap panels
87 (FI1G. 3G), and a heat shield panel S8 (FIG. 3H). As
1s explained in more detail below, the formation of these
panels is accomplished in such a manner that certain
panels, namely the rear panel 51 and the second mouth

reinforcement panel 55, may be formed from a rela-

tively inexpensive uncoated fabric.

The front panel 50 (FIG. 3A) 1s circular in shape and
is formed from a woven synthetic material, such as
nylon. An inner surface of the front panel 50, or the
surface which will face the interior of the air bag 11, is
preferably coated with a heat resistant material, such as
neoprene which is a synthetic rubber. Alternatively, the
outer surface, or both the outer and inner surfaces, of
the air bag 11 may be coated with such a heat resistant
material. With the exception of alignment notches 60,
the front panel’s circumfterential (or perimetric) edge 61
follows a straight contour. (See FIG. 4A.)
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The rear panel 31 (FIG. 3B) is also circular in shape

and is also formed from a woven synthetic matenal,
such as nylon. However, both surfaces of the rear panel
51 are preferably left uncoated. Additionally, while the
rear panel’s circumferential edge 62 also includes align-
ment notches 63, the edge follows an undulant fray-
inhibiting contour which discourages the fraying of the
fabric. In this manner, a more economic uncoated fabric
may be used for the rear panel, thereby decreasing the
overall cost of the air bag 11.

The fray-inhibiting contour is preferably a “pinked”

30

35

contour or, more particularly, a “zigzag” pattern of 40

substantially small curved “mountains 64 separated by
curved valleys 65 of essentially the same size. (See FIG.
4B.) Although the relative size of the pinked contour
has been exaggerated somewhat 1n FIG. 3B for the
purposes of explanation, the height h of each “moun-
tain” would preferably be in the range of one to three
millimeters and the “peak-to-peak” distance d between
adjacent mountains would preferably be in the range of
four to seven millimeters. More preferably, the height h
would be approximately equal to two millimeters, and
the peak-to-peak distance d would be approximately
equal to five millimeters. A typical radius of curvature
for each mountain/valley would be two millimeters. (In
comparison, the notches 63 would typically be right
triangular indentations approximately seven millimeters
deep.)
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While in the illustrated example the pinked contour

includes curved mountains 64 and valleys 635, a contour
including triangular mountains and/or valleys would
also be considered a pinked contour for the purposes of
the present application. Additionally, although all of the
mountains 64 forming the illustrated pinked contour are
essentially the same size, a contour including variable
sized mountains would also be considered a pinked
contour. |

The rear panel 51 additionally includes two centrally
located alignment openings 66 and 67, one of the open-
ings preterably being of a different size and/or shape

60

65
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than the other opening. These alignment openings 66
and 67 are used in the formation of the fluid inlet open-
ing 30 and the mouth 32, as is explained in more detail
below. The rear panel 51 also includes two vent open-
ings 68 which enable the air bag 11 to be deflated in a
controlled fashion when it i1s struck by a vehicle occu-
pant. In the illustrated embodiment, these vent openings
68 will be positioned in an upper rear portion of the air
bag 11 when i1t 1s in an 1nflated condition. (See FIG. 2.}

The vent reinforcement panels 52 (FIG. 3C) are de-
signed to prevent tearing or other damage to the air bag
material surrounding the vent openings 68 during infla-
tion. To this end, the vent reinforcement panelis 52 are
each circular in shape, and each includes a central vent
opening 69 corresponding to one of the vent openings
68 in the rear panel 51. The vent reinforcement panels
52 are preferably made of the same coated fabric as the
front panel S0 and their circumferential edges 70 have a
straight contour. Although alignment notches may be
provided if desired, they are generally not necessary in
the vent reinforcement panels 66 due to the central
location of the vent opening 69.

The mouth reinforcement panels 54, 55 and 36
(FIGS. 3D, 3E and 3F) and the heat shield panel 58 are
designed to protect the air bag 11 from damage due to
mechanical and heat stresses imposed during the infla-
tion process. More particularly, these panels structur-
ally reinforce and thermally protect the air bag mouth
32, particularly in the area of the mounting holes 34. As
1s best seen by referring briefly back to FIGS. 1 and 2,
this portion of the air bag 11 is the most susceptible to
damage because it 1 most proximate to the gas dis-
charging portion 26 of the inflator 16 and because it
includes the mounting holes 34.

The mouth reinforcement panels 54 and 55 are both
essentially in the shape of a square having “cut-off”
corners. The third mouth reinforcement panel 56 1s
essentially in the shape of a circle. Preferably the first
mouth reinforcement panel 54 and the third mouth
reinforcement panel 56 are made of the same coated
fabric as the front panel 50 and their perimetric/circum-
ferential edges foliow a straight contour. The second
mouth reinforcement panel 35 is preferably made of the
same uncoated fabric as the rear panel S1 and its pern-
metric edge includes the same undulant fray-inhibiting
contour as the rear panel’s circumferential edge 62.

The heat shield panel 58 1s in the shape of a circle
with a diameter larger than the diameter of the third
reinforcement panel 56 and the width and/or length of
the first and second reinforcement panels 54 and 58. The
heat shield panel 58 is adapted to provide primarily heat
resistance, as opposed to the reinforcement panels 54,
55, and 56 which provide both reinforcement and heat
resistance. To this end, the heat shield panel may be
made of a thin nylon fabric coated on both side with
neoprene. Alternatively, the heat shield panel 38 may be
formed of another heat resistant material such as No-
mex (R or Keviar ®. (Nomex® and Kevlar® are
registered trademarks of the E.I. Dupont de Nemours &
Company for aramid fabrics and both are relatively
strong flame retardant materials known for their heat
resistivity.)

Each of the panels 54, 55, 56 and 58 includes a pair of
alignment openings 71 and 72 which are of a similar
shape and orientation as the alignment openings 66 and
67 of the rear panel 51. To help align the various panels
54, 85, 56, 58 and 51, the alignment openings 71 and 72
must overlie with the alignment openings 66 and 67 of
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the rear panel 51 during the formation of the fluid inlet
opening 30 and air bag mouth 32. The panels 54, 55 and
56 additionally each include a set of alignment notches
73. These notches also aid in the alignment of the panels
during the formation of the fluid inlet opening 30 and
the mouth 32.

FEach of the strap panels 57 (FIG. 3G) includes a
semi-annular base 74 and two straps 75 which project
radially from the base 74 and which include slightly
curved free ends. In the completed air bag assembly 10,
the straps 75 will function to control the inflation pat-
tern of the air bag 11. (See FIG. 2.) More particularly,
the straps 75 encourage the front and rear panels 50 and
51 to bow outward relative to each other so that the air
bag 11 will expand to its predetermined three dimen-
sional configuration. The strap panels 57 are preferably
formed of the same flexible material as either the front
panel S0 or the rear panel §1. Other flexible materials
may be used, however, if necessary or desired.

The preferred manner of forming the set of air bag
panels includes the use of a die-cutting system, such as
the die-cutting system 90 shown schematically in FIGS.
SA-5D. The die-cutting system 90 includes a conveying
assembly 92, a fabric dispensing assembly 94 positioned
adjacent an upstream end of the conveying assembly 92,
and a fabric cutting assembly 96 positioned between the
assemblies 92 and 94. The system 90 additionally in-
cludes a press assembly 98 which is positioned above an
intermediate portion of the conveying assembly 92 and
which is operable to selectively move vertically. The
downstream end of the conveying assembly 92 func-
tions as an unloading area for die-cut air bag panels.

In the preferred embodiment, a first die board 102
(see FIG. 6) is used with the die-cutting system 90 to
form ten front panels 50, twenty-four vent reinforce-
-ment panels 52, ten first mouth reinforcement panels 54,
and ten third mouth reinforcement panels 56. To this
end, the first die board 102 includes ten circular knives
106 corresponding to the desired geometry of the front
panel S0, twenty-four circular knives 108 corresponding
to the desired geometry of the vent reinforcement pan-
els 52, ten square knives 110 corresponding to the de-
sired geometry of the first mouth reinforcement panel
54, and ten circular knives 112 corresponding to the
desired geometry of the third mouth reinforcement
panel 56. These knives are designed to cut these panels
in such a manner that their circumferential/perimetric
edges follow a straight contour. (See FIG. 6A.) Prefera-
bly, each of the knives 106, 108, 110 and 112 is a two
inch by six point rule.

To form the air bag panels 50, 52, 54, and 56, a roll of
coated fabric 120 (See FIG. 5A) is loaded on the fabric
dispensing assembly 94 and the first die board 102 is
appropriately placed near the upstream end of the con-
veying assembly 92. A leading section of the fabric 120
is pulled from the roll over the first die board 102 and
then cut from the remaining fabric on the roll by the
fabric cutting assembly 96. This process is repeated until
the desired number of layers of fabric are positioned
over the die board 102.

The conveying assembly 92 is then activated to con-
vey the first die board 102, and the layers of coated
fabric laid out on the die board 102, to a position where
a first section of the die board is positioned beneath the
press assembly 98. The press assembly 98 applies pres-
sure to the sections of the fabric layers on top of the first
section of the die board to form air bag panels. (See
FIG. 5B.) The conveying assembly 92 is then activated
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to convey the loaded die board 102 to a position where
a second section of the die board is positioned beneath
the press assembly 98. The press assembly 98 applies

- pressure to the sections of the fabric layers loaded on

the second section of the die board to form air bag
panels. (See FIG. 5C.) This procedure 1s repeated until
all of the fabric layers loaded on the die board 102 have
been die-cut. The conveying assembly 92 is activated to
advance the die board 102, and the air bag panels situ-
ated on the die board, to the unloading area. (See FIG.
SD.) The panels are unloaded from the die board 102
and transported to a location where subsequent assem-
bly steps may be performed.

A second die board 130 (See FIG. 7) 1s used with the
die-cutting system 90 to form ten rear panels 31 and ten
second mouth reinforcement panels 35. The second die
board 130 includes ten circular knives 128 correspond-
ing to the desired geometry of the rear panel 51 and ten
square knives 136 corresponding to the desired geome-
try of the second mouth reinforcement panel 55. These
knives are designed to cut these panels in such a2 manner
that their circumferential/perimetric edges follow an
undulant fray-inhibiting contour, or more particularly, a
pinked contour. (See FIG. 7A.) Preferably, each of the
knives 128 and 136 is a one and a quarter inch by six
point rule.

To form the air bag panels 51 and 335, a roll of un-
coated fabric is loaded on the fabric dispensing assem-
bly 94 and the second die board 130 is appropriately
placed near the upstream end of the conveying assem-
bly 92. The above-described die-cutting process is then
repeated. Alternatively, a die-cutting system may be
provided for each of the die boards 102 and 130 so that
changing of fabric rolls would not be necessary. In
either event, one may appreciate that the present inven-
tion may be practiced with existing die-cutting systems
simply by replacing the current die board with a die
board such as the die board 130. Thus, a significant
capital investment in machinery is not necessary. Addi-
tionally, the present method is competitive with con-
ventional die-cutting techniques from a production time
standpoint. More specifically, if fifteen layers of fabric
are laid out on the die board 130, one-hundred fifty rear
air bag panels and one-hundred fifty second mouth
reinforcement panels will be substantially simulta-
neously produced.

In the preferred embodiment, all of the air bag panels
are formed with the die boards 102 and 130 except for
the strap panels 57 and the heat shield panel 38. The
strap panels 57 may be formed in a stmilar manner with
a die board dedicated solely to this particular panel.
Such an arrangement 1s preferred because the geometry
of the strap panels S7 would cause an excessive waste of
material if the corresponding knives were included in
etther of the die boards used to form the other air bag
panels. The heat shield panel S8 1s independently
formed because it 1s made of a different fabric than the
other panels of the air bag 11.

After the air bag panels have been die-cut or other-
wise formed, the panel-joining steps and the mouth-
forming steps of the method may begin. (See FIG. 8A.)
The preferred joining steps include initially attaching
the vent reinforcement panels 52 to the rear panel 51 in
such a manner that the vent openings 68 and 69 are
aligned. In the illustrated embodiment, each of the vent
reinforcement panels 52 is sewn to the rear panel S1 by
a stitchline 200. The stitchline 200 includes a circular
portion 200a surrounding the aligned vent openings 68
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and 69, a circular portion 20056 positioned slightly in-
ward from the circumferential edge of the reinforce-
ment panel 52, and a transition section 200c¢ between the
portions 200a and 2005. The panels 32 are preferably
positioned so that their coated surfaces are adjacent the
inner surface of the rear panel 31. The panels 52 could
alternatively be attached to the rear panel’s outer sur-
face. Additionally, while the vent openings 68 and 69
are preferably die-cut in the panels 51 and 52, they
could alternatively be punched in the panels either be-
fore or after their attachment together.

The remnforcement panels 54, 55 and 56 and the heat
shield panel S8 are also joined to the rear panel 51 in
preparation for the forming of the fluid inlet opening 30
and the air bag mouth 32. This joining step, and also the
inlet opening and mouth forming steps, preferably fol-
low those set forth in co-pending U.S. application Ser.
No. 07/779,536 to Bruce R. Hill which was filed on
Oct. 17, 1991. This co-pending application is entitled
“Air Bag Structure and Method of Forming™” and is
assigned to the assignee of the present application.

Specifically, the step of joining the reinforcement
panels 54, 55 and 56 and the heat shield panel 58 to the
rear panel 51 includes placing the third mouth rein-
forcement panel 36 (uncoated side up) over the inner
surface of the rear panel 51. The second mouth rein-
forcement panel 85 is placed over the outer surface of
the rear panel, the first mouth reinforcement panel 54
(coated side up) is placed over the second mouth rein-
forcement panel 55, and the heat shield panel 58 i1s
placed over the first mouth remnforcement panel 54. (See
FIG. 8B.) The alignment openings 66, 67, 71 and 72, and
the alignment notches 73, are appropnately aligned to
align the panels properly relative to each other. The
five panels 51, 54, 55, 56 and 58 are then joined together
in this arrangement by a pair of concentric stitchlines

202 and 204. (See FI1G. 8C.) The stitchline 202 is prefer-
ably a double stitchline.

After the panels 51, 54, §5, 56 and 58 have been joined

by the stitchlines 202 and 204, the fluid inlet opening 30

and the mouth 32 of the air bag 11 are formed. More
particularly, the fluid inlet opening 30 and the mounting
holes 34 are simultaneously cut in the five panels 51, 54,
93, 56 and 58. (See FIG. 8D).) The fluid inlet opening 30
1s cut 1n such manner that it includes flaps 30ag and 305
and an arcuate inner edge 30c. (See FIG. 8E.) As is
explained i more detail in the above-identified co-
pending application, the flaps 30a and 305 are located at
specific sites about the perimeter of the fluid inlet open-
ing 30 and the mounting holes 34 are positioned be-
tween stitchlines 202 and 204. The central alignment
openings 66, 67, 71, and 72 may be used to insure that
the fluid opening 30 and/or the mounting holes 34 are
accurately formed in the intended locations.

At any time during, prior to, or after the above-
described joining steps, the strap panels 57 are joined to
the front panel 50. Specifically, a double-stitchline 205
1s used to join the semi-annular bases 74 of the panels 57
to the inner surface of the front panel 50 in such a man-
ner that the bases together form an annular base portion.
(See FIG. 8F.) Preferably, the bases 74 are sewn to a
central portion of the front panel 50 and are positioned
in such a manner that the straps 75 may extend out-
wardly from the bases in a “twelve o’clock-three o’-
clock-six o’clock-nine o’clock” arrangement. Although
not specifically shown in the drawings, the front panel
S0 and/or the strap panels 57 may include alignment
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notches or markings to insure that the strap panels are
properly orientated relative to the front panel 51.

After the above-described joining steps are com-
pleted, and the fluid inlet opening 30 and the mouth 32
have been formed, the front panel 50 and the rear panel
31 are joined together. Preferably, the panels are joined
by initially placing the outer surfaces of these panels
together and using the alignment notches 60 and 63 to
orient the panels properly relative to each other. A
circular stitchline 206 is then sewn to join the aligned
circumferential edges of the panels 51 and 52 together.
(See FIG. 8G.) Preferably, another circular stitchline
207 is provided to “top stitch” the seam created by the
stitchline 206. (See F1G. 2.) Because the panels are sewn
with their outer surfaces facing each other, these panels
are essentially situated in an “inside-out” arrangement.

The strap paneis 57 are then joined to the mouth
reinforcement panels 54 and 35. In this joining step, the
free end sections of the straps 75 are inserted between
the unsecured “cut-off corners” of the mouth reinforce-
ment panels 54 and 55. The free end of each of the straps
7S 1s positioned closely adjacent the stitchline 204. The
curved shape of the free ends accommodates this posi-
tioning. As is best seen in FIG. 8H, the panels 54 and 55
are situated so that their cut-off corners are arranged in
a “twelve o’clock-three o’clock-six o’clock-nine o’-
clock” arrangement. Each of the straps 75 is then se-
cured to the panels 54 and 55 (but not the underlying
rear panel §1 or the third mouth reinforcement panel
36) by sewing a box-stitch 210. (See FI1G. 8H.)

At the completion of these joming steps, the air bag
panels together form the air bag 11 in an *“‘inside out”
arrangement. The air bag 11 may be inverted by pulling
the panels through the fluid inlet opening 30 thereby
creating a structure capable of being inflated into the
predetermined ellipsoid configuration. The air bag 11

may then be tested and inspected, and thereafter cou-
pled to the other compomnents of the air bag assembly 10.

One may now appreciate that the present invention
provides a method of making air bags which allows at
least some of the air bag panels to be formed from un-
coated fabrics. The method is competitive with conven-
tional die-cutting techniques from a production time
standpoint and does not require a significant capital
investment 1in machinery.

Although the invention has been shown and de-
scribed with respect to a certain preferred embodiment,
it is obvious that equivalent alterations and modifica-
tions will occur to others skilled in the art upon the
reading and understanding of this specification. For
example, although the above discussion addresses a
particular design for a driver side air bag, the present
invention may be used to make other designs of driver
side air bags. Additionally, the invention may be appli-
cable to the manufacture of passenger side air bags,
including those in which various panels are integrally
interwoven. Furthermore, while in the described air
bag only certain panels were formed from an uncoated
fabric and given fray-inhibiting contours, the invention
contemplates that other and possibly all air bag panels
could be produced from uncoated fabrics. The present
invention includes all such equivalent alterations and
modifications and is limited only by the scope of the
following claims.

What 1s claimed 1is:

1. A method of making air bags for vehicle air bag
assemblies comprising the steps of:
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forming a set of air bag panels which includes a first
panel with an outer perimetric edge and a second
panel with an undulate outer perimetric edge, and

joining the outer perimetric edge of the first panel to
the undulate outer perimetric edge of the second 3
panel to form a structure capable of being inflated
to a predetermined three-dimensional configura-
tion.

2. A method as set forth in claim 1 wherein said undu-
late outer perimetric edge of the second panel has a
pinked contour.

3. A method as set forth in claim 2 wherein said undu-
late outer perimetric edge of the second panel has a
zigzag contour of curved mountains separated by
curved valleys of essentially the same size.

4. A method as set forth in claim 3 wherein a height
of each mountain is approximately between one to three
millimeters and a peak-to-peak distance between adja-
cent mountains is approximately between four to seven
millimeters. |

5. A method as set forth in claim 4 wherein the height
of each mountain is approximately two millimeters and
the peak-to-peak distance between adjacent mountains
is approximately five millimeters.

6. A method as set forth in either claim 1 or claim 2
wherein said panel-forming step includes the steps of:

providing a sheet of material; and

cutting the second panel from the sheet of material in

such a manner that an entirety of its undulate outer
perimetric edge is simultaneously formed.

7. A method as set forth in claim 6 wherein said step
of providing a sheet of material includes the step of
providing a sheet of uncoated fabric.

8. A method as set forth in claim 7 wherein said cut- 55
ting step includes the step of die-cutting the second
panel from the sheet of material.

9. A method as set forth in claim 1 further comprising
the steps of:

forming a plurality of sets of air bag panels, each set 44

including a first panel with an outer perimetric
edge and a second panel with an undulate outer
perimetric edge, and

jomning the outer perimetric edges of the first set of

panels to the undulate outer perimetric edges of the 45
second set of panels to form a plurality of struc-
tures each capable of being inflated to a predeter-
mined three-dimensional configuration;

said forming step including substantially simulta-

neously forming the first panels and substantially
simultaneously forming the second panels.

10. A method as set forth in claim 9 wherein said
undulate outer perimetric edges of the second panels
have pinked contours.

11. A method as set forth in either claim 9 or claim 16
wherein said panel-forming step includes the steps of:

providing a sheet of material; and

cutting the second panels from the sheet of material in

such a manner that an entirety of their undulate
outer perimetric edges are simultaneously formed. 60

12. A method as set forth in claim 11 wherein said
step of providing a sheet of material includes the step of
providing a sheet of uncoated fabric.

13. A method as set forth in claim 12 wherein said
cutting step includes the step of die-cutting the second 65
panels from the sheet of material.

14. A method as set forth m claim 13 wherein said
die-cutting step includes the steps of:

10

15

20

25

30

50

33

12

providing a die-board with a series of knives, each
knife having a geometry corresponding to the de-
sired shape of one of the second panels and the
desired contour of the perimetric edge of said one
of the second panels;

loading a plurality of layers of fabric on the die board;

and

applying pressure to the layers of fabric on the die

board to die-cut the second panels.

15. A method of making air bags as set forth in claim
1 wherein said panel-forming step includes the step of
forming the first panel in such a manner that its perimet-
ric edge follows a straight contour.

16. A method of making air bags as set forth in claim
15 wherein said panel-forming step includes the step of
forming the first panel from a coated fabric and forming
the second panel from an uncoated fabric.

17. An air bag for a vehicle air bag assembly, said air
bag comprising a set of panels joined together to form a
structure capable of being inflated mnto a three-dimen-
sional shape;

sald set of air bag panels including a first panel with

an outer perimetric edge and a second panel with
an undulate outer perimetric edge; and

said perimetric edge of said first panel being joined

with said perimetric edge of said second panel.

18. An air bag as set forth in claim 17 wherein said
perimetric edge of said first panel has a straight contour.

19. An air bag as set forth in either claim 17 or 18
wherein said perimetric edge of said second panel has a
pinked contour.

20. An air bag as set forth 1n claim 19 wherein said
pinked contour includes a zigzag pattern of curved
mountains separated by curved valleys of essentially the
same size.

21. An air bag as set forth in claim 20 wherein a
height of each mountain is approximately between one
to three millimeters and a peak-to-peak distance be-
tween adjacent mountains i1s approximately between
four to seven millimeters.

22. An air bag as set forth in claim 21 wherein said
height of each mountain is approximately two millime-
ters and said peak-to-peak distance between adjacent
mountains is approximately five millimeters.

23. An air bag as set forth in claim 19 wherein said
second panel 1s made of an uncoated fabric.

24. An air bag as set forth in claim 23 wherein said
first panel 1s made of a coated fabric.

25. An air bag as set forth in claim 17 wherein said
first panel is a circular front panel for a driver side air
bag and said second panel is circular rear panel for a
driver side air bag.

26. An air bag as set forth in claim 17 wherein said set
of air bag panels further includes a mouth reinforcement
panel made of the same material as said second panel,
said mouth reinforcement panel including an undulate
outer perimetric edge.

27. An air bag for a driver side air bag assembly com-
prising a set of air bag panels joined together to form a
structure capable of being inflated into a generally ellip-
soid shape;

said set of air bag panels including a front panel

which is substantially circular in shape and a rear
panel which 1s of essentially the same shape;

said front panel being made of coated fabric and hav-

ing a circumierential edge;

said rear panel being made of an uncoated fabric and

having an undulate outer perimetric edge; and
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said circumferential edges of said front and rear pan- 30. A metho'.:i _Of making the air bag of claim 17, said
method comprising the steps of:

els being joined together. forming the set of air bag panels which includes the

28. An air bag as set forth in claim 27 wherein said first panel with the perimetric edge and the second
perimetric edge of said front panel has a straight con- > panel with the perimetric edge having undulant
fray-inhibiting contour; and
tour. . .
_ _ _ o joining the air bag panels together to form the struc-
29. An air bag as set forth in claim 27 wherein said set ture capable of being inflated to the predetermined
of air bag panels further includes a mouth reinforcement three-dimensional configuration;

panel made of the same material as said second panel, 10 sad j_c': inin_g step ncludmg the step of joini_n & tl}e
perimetric edge of the first panel to the perimetric

edge of the second panel.
outer perimetric edge. x 0k % ok  k

said mouth reinforcement panel including an undulate
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